Computational Details
Geometries of all structures were optimized at the M06-2X 1,2 /def2-SVP level using the "Ultrafine" grid in Gaussian09. 3 Refined energy estimates, obtained by single-point computations on the M06-2X/def-SVP geometries, using a densitydependent dispersion correction (-dDsC [4] [5] [6] [7] appended to the PBE0 8, 9 functional using the TZ2P slater-type orbital basis set as implemented in ADF. 10, 11 Reported free energies include electronic energies at the PBE0-dDsC/TZ2P//M06-2X/def2-SVP level, free energy corrections at the M06-2X/def2-SVP level, and solvation corrections (at the PBE0-dDsC/TZ2P level, in implicit THF) from COSMO-RS. 12 Figure S1. 3D structures of the van der Waals and TS1 complexes for the b-addition pathway involving TIPS-EBX. Table S1 . Relative free energies (in kcal/mol) of intermediates and products and their associated transition states for the addition of the phenylthiolate anion to relevant hypervalent iodine reagents. Values computed at the PBE0-dDsC/TZ2P//M06-2X/def2-SVP theoretical level including free energy corrections from M06-2X/def2-SVP computations and solvation corrections (in THF) from COSMO-RS.
Species Pathway a0/b0 aTS1/bTS1 a1/b1 aTS2/bTS2 a2/b2 aTS3/bTS3 Products 2-TIPS C( - Cartesian coordinates of all computed structures are provided as .xyz files as separate Supporting Information.
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General Methods
Technical grade solvents were used for quantitative flash chromatography. HPLC grade solvents purchased from Sigma-Aldrich or freshly distilled solvents were used for flash chromatography for compounds undergoing full characterization.
Reaction solvents were dried by passage over activated alumina under nitrogen atmosphere (H2O content < 30 ppm, Karl-Fischer titration). We note; however, that the thiol-alkynylation reaction gives identical results when using HPLC grade THF purchased from Sigma-Aldrich or dried THF from the solvent system.
Commercially available reagents were purchased from Acros, Aldrich, Fluka, VWR, Aplichem or Merck and used without any further purification.
Chromatographic purification was performed as flash chromatography using 
